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ABSTRACT

Background: Periodontitis is an inflammatory disease that causes progressive destruction of
periodontal tissues. Cytokines such as tumor necrosis factor-alpha (TNF-a)) and interleukin-32
alpha (IL-32a) are believed to play key roles in its pathogenesis. This research aimed to
evaluate the salivary levels of TNF-a and IL-32a among patients with different severities of
chronic periodontitis and periodontally healthy individuals in Kirkuk City, Iraq.
Methods: This case-control study included 90 systemically healthy individuals aged between
20-55 years, divided into four groups: healthy controls, and patients with mild, moderate, and
severe periodontitis, according to the 1999 American academy of periodontology (AAP)
classification. Unstimulated saliva samples were collected and analyzed for Tumor necrosis
factor-alpha (TNF-a) and Interleukin-32 alpha (IL-32a) concentrations using enzyme-linked
immunosorbent assay (ELISA). Clinical parameters such as plaque index (PI), probing pocket
depth (PPD), and clinical attachment loss (CAL) were recorded. Data were analyzed using
Analysis of Variance (ANOVA), correlation analysis, and a receiver operating characteristic
(ROC) curve assessment.
Results: Both TNF-a and IL-32a levels were significantly elevated in periodontitis patients
compared to healthy individuals, with a progressive increase corresponding to disease severity.
TNF-a showed strong correlations with clinical parameters and a higher diagnostic accuracy
while IL-32a also increased with severity but had lower diagnostic performance.
Conclusion: Salivary TNF-a and IL-32a are elevated in chronic periodontitis and correlate
with disease severity. TNF-a, in particular, has the potential to be a non-invasive biomarker for
diagnosing and monitoring periodontal inflammation but further researches are required
Duhok Med J 2026; 20 (1): 24-35.
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P eriodontal diseases are degenerative,
damaging, and inflammatory
conditions affecting the tissues that support
the teeth!!:!. Periodontitis is believed to be
initiated by dental biofilms that build up
subgingivally at the gingival margin® A
range of chemokines, cytokines, and
inflammatory mediators are generated by
immune and inflammatory cells that target
affected periodontal tissues!*). Saliva has
traditionally been seen as an indicator of
overall bodily health, as it contains serum
components used in conventional blood

tests for disease and health monitoring. As
a diagnostic fluid, saliva provides multiple
advantages over serum for disease
diagnosis®!. Saliva collection is mnon-
intrusive, hence easier, safer, and more
cost-effective than blood collection. Saliva
collection can be conducted without the
help of trained personnel, in contrast to
blood collection!®. Tumor necrosis factor-
alpha (TNF-a) is a proinflammatory
cytokine with extensive effects, including
tissue destruction and cell migration. It
influences cell migration by upregulating
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adhesion molecules, facilitating neutrophil
rolling and adherence to the vascular wall,
ultimately leading to extravasation!’]. It has
been shown to  activate  matrix
metalloproteinases (MMPs), which are
implicated in the degradation of periodontal
connective tissue during the advancement
of periodontitis[8]. Moreover, TNF-a
facilitates the secretion of MMPs and
Receptor Activator of Nuclear Factor-
kappa B Ligand (RANKL), which are
associated with  extracellular matrix
degradation and bone resorption[9,10].
Interleukin-32  (IL-32) is a  pro-
inflammatory cytokine associated with
numerous inflammatory diseases, including
periodontal diseases. It plays a role in the
etiology of periodontal diseases by
regulating  immune  responses  and
enhancing inflammation. This cytokine is
integral to a complex network of cytokines
that regulate the inflammatory response in
periodontal tissues, and its function is
interconnected with other cytokines and
immune cells participating in the disease
process. Interleukin-32  (IL-32) is
synthesized by multiple cell within the
periodontium, such as fibroblasts and
immune cells, and its expression is
enhanced in reaction to bacterial
components, including lipopolysaccharides
(LPS) from periodontal pathogens!!! .IL-32
interacts with the IL-1 cytokine family,
which are critical contributors to
periodontal inflammation. The IL-1 family
consists of both pro-inflammatory as well
as anti-inflammatory cytokines, with IL-32
capable of modulating the equilibrium
between these molecules!'?.

The cytokine network in periodontitis is
intricate, with IL-32 perhaps regulating the
function of natural killer-like B cells and
macrophages, which participate in the
immune  response to  periodontal
infections!' 13,

IL-32 may also affect the polarization of
macrophages towards a pro-inflammatory
M1 phenotype, which is linked to

heightened tissue
periodontitis!!!,

The study aims and objectives

This research aimed to evaluate the salivary
levels of Tumor necrosis factor-alpha
(TNF-a) and Interleukin-32 (IL-32a)
among patients with different severities of
chronic periodontitis and periodontally
healthy individuals. Evaluate their relation
with the disease conditions also to
determine whether or not saliva might be a
reliable medium to detect the severity of the
disease condition.

MATERIALS AND METHODS:

damage in

Setting and time of the study

The present study was executed in kirkuk
City, the study was conducted from
November 2024 to October 2025. The
current study received approval from the
research ethical committee of the Duhok
Directorate of Health and the College of
Dentistry, University of Duhok (Reference
number: 13042025-3-13). All participants
received  comprehensive  information
regarding the study's purpose and
objectives. Subsequently, each participant
in the study submitted a written consent
form.

Sample size calculation

To calculate the sample size for each group,
we used ANOVA considering both main
effects and interactions. The study included
four groups: healthy individuals and
patients with mild, moderate, or severe
chronic periodontitis. Effect size was
determined using G*Power 3.1.9. For this
calculation, TNF-a levels (in pg/mL) from
five preliminary cases per group were used.
The standard deviation (SD) within each
group was 15.5 pg/mL, and the mean TNF-
o values for the healthy, mild, moderate,
and severe groups were 193.23, 198.40,
202.36, and 215.65 pg/mL, respectively.
The initial sample size estimate was 20
participants per group. However, we
increased this to 22 per group to account for
potential dropouts or data exclusions. The
effect size was 0.54, the significance level
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(o) was set at 0.05, and the desired power
was 0.95.

Study population and study design

The research design was a a case-control
study aimed at evaluating the level of
interleukin 32 and tumor necrosis factor
alpha in the saliva of periodontitis patients
and healthy individuals. The current study
was conducted on a range of individuals
with healthy periodontium (control group)
to patients with severe periodontitis. Our
study included 90 patients of both genders
ranging in age from 20 to 55 years old.
Patients were examined to determine
disease condition and saliva samples
collection were performed.

Inclusion and exlusion criteria

Healthy individuals and patients with a
diagnosis of various severities of
periodontitis depending on the criteria
referred to in 1999 AAP classification of
periodontal disease with the following
characteristics; absence of systemic
diseases , age within 20 to 55 years, and no
scaling and root surface debridement or any
form of periodontal therapy for at least six
months. Exlusion criteria involves; patients
who have undergone or are presently
receiving substantial periodontal therapy,
Patients who have used anti-inflammatory
or antibiotic medications in the past three
months, immunocompromised patients,
Smokers, females who utilize contraceptive
pills, postmenopausal females, lactating ,
and pregnant females!!->!4],

Patient Groups

The study population was divided into the
subsequent groups depending on the criteria
referred to in 1999 AAP classification of
periodontal disease!!'; group 1 (control
group); Included 22 healthy periodontal
individuals with no clinical signs of
inflammation (no bleeding on probing,
redness, or swelling), probing pocket depth
(PPD): <3 mm , and no Clinical Attachment
Loss (CAL). Group 2 Mild; 1 to 2 mm
(CAL), (PPD) 3—5 mm , 22 patients . Group
3 Moderate: 3 to 4 mm CAL, (PPD) 5-7
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mm, 22 patients. Group 4 Severe, 24
patients (CAL) >5 mm, (PPD) >7 mm.
Saliva samples collection:

Whole unstimulated saliva (Five milliliters)
were collected from the participating
individuals. The samples were gathered in
the morning [between 08.00 and 12.00], at
least two hours postprandial. Unstimulated
whole saliva was collected using the
Navazesh method which dictates that
Participants were instructed to avoid eating,
drinking, smoking, or performing oral
hygiene for at least 1-2 hours before sample
collection. ~Sample Collection were
performed in the morning with the
participant seated upright with the head
slightly tilted forward. Saliva was allowed
to accumulate naturally in the mouth and
expectorated into sterile tubes every 60
seconds over 5—-15 minutes to obtain an
adequate volume. Collected samples were
immediately placed on ice and centrifuged
at 3000 rpm for 15 minutes at 4°C to
remove cellular debris and mucus. The
resulting supernatant was stored at —20°C
until analysis to preserve the stability of
salivary cytokines[16]. And were used for
laboratory analysis within a time not
expanding more than six months from
collection time since cyrokines stability are
affected after that period'”!.

Clinical measurements

An examination was conducted,
encompassing the Plaque Index (PLI),
Bleeding on Probing (BOP), Probing
Pocket Depth (PPD), and Clinical
Attachment Loss (CAL). A periodontal
probe (University of North Carolina (UNC
15) periodontal probe) was employed to
assess all clinical periodontal parameters.
Each tooth, excluding the wisdom teeth,
was evaluated for six surfaces, four of
which were designated for plaque
assessment. The clinical examination was
conducted by a single examiner for all
subjects.

Laboratory procedure

The concentrations of TNF-a and IL-32-a
were determined in the saliva of
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periodontitis and control groups with an
(ELISA) kit (sunlong biotech -china) in
accordance with the manufacturer's
standards. The absorbance was measured
utilizing a spectrophotometer plate reader
(Paramedical, Italy)

Statistical analyses

The age and gender of the healthy
individuals and chronic periodontitis were
presented in mean (SD) and no (%),
respectively. The homogeneity of the study
groups for the age and gender was
examined in an independent t-test and Chi-
square test, respectively. Comparisons of
main biomarkers and TNF-a and IL-32 a
among health individuals and patients with
different chronic periodontitis  were
examined in ANOVA one-way test. The
pairwise comparisons were examined in a
Tukey test. The correlations of TNF-a and
IL-32 o with main biomarkers in chronic
periodontitis were determined in bivariate
regression analysis. The sensitivity,
specificity, positive predictive value (PPV),
negative predictive value (NPV), and
accuracy for the role of TNF-a and IL-32 o

in the diagnosis of chronic periodontitis
were determined in Roc curve analysis. The
significant level of difference was
determined in a p<0.05. The statistical
calculations were performed using IMP®,
Version 18.0. SAS Institute Inc., Cary, NC,
1989-2023.

RESULTS:

The study included 22 healthy individuals
and 68 patients with chronic periodontitis .
The mean age of the healthy group was
39.14 + 9.34 years, while that of the
periodontitis group was 36.44 + 10.45
years. Statistical analysis showed no
significant difference in age between the
two groups (p = 0.2840). Regarding gender
distribution, males represented 59.09% of
the healthy group and 57.35% of the
periodontitis  group, while females
accounted for 4091% and 42.65%,
respectively. The difference in gender
distribution was not statistically significant
(p = 0.8859). These findings indicate that
both groups were comparable in terms of
age and gender as shown table 1.

Table 1. General demographic and clinical characteristics of the study population.

Characteristics Study groups P value
Healthy (n=22) chronic periodontitis (n=68)
age 39.14 (9.34) 36.44 (10.45) 0.2840
Gender: Male 13 (59.09) 39 (57.35) 0.8859
Female 9 (40.91) 29 (42.65)

*n: number of the subjects*

Healthy individuals (n = 22) and patients with chronic periodontitis (n = 68). Data are presented as mean (SD)
for age and gender. Statistical differences were tested using an independent t-test for age and Chi-square test

for gender distribution

TNF-a levels increased progressively from
healthy individuals (195.31 + 15.00 pg/mL)
to mild (201.37 £ 12.13 pg/mL), moderate
(207.66 + 15.40 pg/mL), and severe
periodontitis (217.77 + 14.58 pg/mL), with
a statistically significant overall difference
(p < 0.0001). Significant pairwise
differences were observed between severe
vs. healthy groups (p < 0.0001), severe vs.
mild groups (p = 0.0012), and moderate vs.
healthy groups (p = 0.0270), though

differences between adjacent stages were
not significant. Grouped analysis also
showed significantly higher TNF-a levels
in periodontitis patients compared to
healthy controls (p = 0.0004).

Similarly, IL-32a levels rose with disease
severity from 88.13 £ 17.15 pg/mL (control
group) to 108.15 + 19.74 pg/mL (severe
group) with an overall significant
difference (p = 0.0017). Only the severe vs.
healthy = groups comparison reached
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statistical significance (p = 0.0007), while
the group comparison also confirmed
higher IL-32a levels in periodontitis cases
Lp = 0.0013). These ﬁnding_;s suggest both

biomarkers increase with disease severity,
with TNF-a showing stronger
discriminatory values as shown in table 2.

Table 2. Mean salivary concentrations of TNF-a and IL-320 among healthy individuals and patients with
varying severities of chronic periodontitis, with intergroup comparisons using one-way ANOVA

and Tukey’s post-hoc test.

Mean (SD) P value Pairwise comparisons
TNF-a (pg/mL) Severe > healthy (p<0.0001)
Healthy 195.31 (15.00) <0.0001 severe > mild (p=0.0012)
Mild 201.37 (12.13) moderate > healthy (p=0.0270)
Moderate 207.66 (15.40) moderate > mild (p=0.4685)
Severe 217.77 (14.58)
chronic periodontitis 209.19 (15.51) <0.0004
healthy 195.310 (15.00)
IL-32 o (pg/mL) <0.0017 Severe > healthy (p=0.0007)
Healthy 88.13 (17.15)
Mild 97.37 (14.14)
Moderate 100.34 (15.65)
Severe 108.15 (19.74)
chronic periodontitis 102.14 (17.17) <0.0013
healthy 88.13 (17.15)

*Data are expressed as mean (SD) in pg/mL. P values were obtained using one-way ANOVA with Tukey’s
post-hoc pairwise comparisons. Significant group differences are indicated. * IL: interleukin; TNF: tumor

necrosis factor; pg/mL: picograms per milliliter.*

the diagnostic performance of salivary
TNF-a and IL-320 in distinguishing
chronic periodontitis and its severity across
the groups was evaluated using a receiver
operating characteristic (ROC) curve as
shown in table 3. TNF-a showed the highest
diagnostic accuracy in severe periodontitis,
with 83.3% sensitivity, 86.4% specificity,
and 84.78% accuracy at a cutoff of 207.41
pg/mL. Diagnostic performance declined in
moderate (accuracy 68.18%) and mild
cases (accuracy 59.09%). When all
periodontitis cases were grouped, TNF-a

demonstrated moderate diagnostic value
(accuracy 67.78%, cutoff 202.85 pg/mL).
IL-32a also performed best in severe cases
(accuracy 78.26%, cutoff 99.2 pg/mL), with
moderate  effectiveness in  moderate
(68.18%) and mild (63.64%) periodontitis.
For all cases combined, IL-32a showed
moderate diagnostic accuracy (67.78%,
cutoff 94.87 pg/mL).

In summary, both biomarkers showed
increasing diagnostic value with disease
severity, particularly in severe
periodontitis, but limited effectiveness in
detecting mild and moderate cases.

Table 3. Diagnostic performance of salivary TNF-a and IL-320 in distinguishing chronic periodontitis and
its severity levels from healthy individuals, based on ROC curve analysis.

. Cuttoff Sensitivity Specificity Accuracy
Marker Comparison (pg/ml) (%) (%) (%)
TNF-a Chronic Periodontitis  202.85 66.2 72.7 67.78
vs. healthy
TNF-a Severe vs. healthy 207.41 83.3 86.4 84.78
TNF-a Moderate vs. healthy  203.28 63.6 72.7 68.18
TNF-a Mild vs. healthy 202.85 45.5 72.7 59.09
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. Cuttoff Sensitivity Specificity Accuracy
Marker Comparison (pg/ml) (%) (%) (%)
IL-32 a Chronic Periodontitis  94.87 67.6 68.2 67.78
vs. healthy
IL-32 o Severe vs. healthy 99.2 75.0 81.8 78.26
IL-32 o Moderate vs.healthy ~ 94.94 68.2 68.2 68.18
IL-32 a Mild vs. healthy 94.12 63.6 63.6 63.64

Diagnostic performance of salivary TNF-a and IL-32a in differentiating chronic periodontitis (overall and by
severity) from healthy individuals, based on receiver operating characteristic (ROC) curve analysis. Cutoff
values (pg/mL), sensitivity, specificity, and accuracy are reported. * Abbreviations: IL, interleukin; TNF, tumor

necrosis factor ,Bg/mL: Bico%rams per milliliter.*

DISCUSSION:

Periodontitis is a chronic inflammatory
condition driven by dysbiotic microbiota
and mediated by an exaggerated host
immune response. Among the
inflammatory mediators are tumor necrosis
factor-alpha (TNF-o) and interleukin-32
alpha (IL-32a) which the later have been
recently recognized and both play a role in
promoting tissue destruction and immune
activation*!8]. In this study, we observed a
progressive and statistically significant
elevation of salivary TNF-a and IL-32a
levels from control group to those with
mild, moderate, and severe chronic
periodontitis groups. Importantly, our ROC
curve analysis provided insight into the
diagnostic performance of these cytokines.
TNF-o  demonstrated its  strongest
discriminative ability in distinguishing
severe periodontitis from periodontal health
condition. IL-32a also showed an
increasing trend with disease severity, but
overall performed less strongly than TNF-
Q.

Several previous studies support these
findings . Layedh et al. (2021)[19] found
that salivary TNF-o was significantly
elevated in chronic periodontitis patients
compared to healthy controls. Pulivarthi et
al. (2022)1Y, also demonstrated high
baseline TNF-o levels in periodontitis,
which decreased significantly after non-
surgical therapy, indicating its
responsiveness to inflammatory burden.
However, some studies have presented

contrasting results. Kim and Kim (2021)!,
in a meta-analysis, noted higher TNF-a in
healthy controls and post-treatment cases,
which may reflect variations in sampling
techniques or study populations rather than
cytokine behavior alone. Eivazi et al.
(2017)?21 found reduced TNF-a levels in
periodontitis cases. Such inconsistencies
likely reflect differences in disease stage,
patient selection, and methodological
factors rather than true biological
contradiction, but they highlight the
complexity of cytokine regulation.

With respect to IL-32a, our study also
showed significantly elevated salivary
concentrations in periodontitis patients,
consistent with the series of investigations
by Onguzdede® and colleagues. Their
early work demonstrated increased IL-32 in
gingival crevicular fluid and saliva of
chronic periodontitis patients, while their
later study (2022)!"® revealed elevated IL-
32 expression in gingival tissues and serum,
indicating both local and systemic
involvement. In a further related study, they
again confirmed stronger IL-32 expression
in inflamed periodontal tissues compared
with healthy controls. These findings are
supported by Dede et al. (2017)*, who
noted positive correlations between 11.-32
and TNF-a, suggesting synergistic roles in
inflammation. However, not all studies
have the same conclusions Faria et al.
(2021)%), who examined IL-32 in gingival
crevicular fluid, reported no significant
differences between healthy and diseased
groups, which may be due to differences in
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fluid type, smaller subgroup sizes, and
inclusion of implant-related conditions.
More recently, Relvas et al. (2024)!¢
suggested that other cytokines, such as IL-
1B and IL-6, may sometimes correlate more
strongly with disease activity than TNF-a
or IL-32, reflecting the multifactorial nature
of the periodontal inflammatory network.
Taken together, the majority of published
evidence, including our findings, indicates
that TNF-a and IL-32a are elevated in
periodontitis cases compared to healthy
control groups and contribute to its
inflammatory  pathogenesis. However,
given the inconsistencies across studies and
the modest diagnostic accuracy shown in
our ROC analysis, it would be premature to
regard them as dependable biomarkers.
Their role may lie in serving as adjunctive
salivary indicators of disease activity,
particularly for more advanced cases.
Limitations

This study is limited by its modest sample
size, single-center recruitment, case-control
design and reliance on saliva alone without
parallel GCF or serum measurements. In
addition, cytokine stability may have been
influenced by storage and handling
conditions. These factors restrict the
generalizability of our results, and
longitudinal, multi-center studies with
larger cohorts are needed to confirm
whether salivary TNF-a and IL-32a can
serve as reliable adjunctive markers for
disease monitoring.

CONCLUSION

This study demonstrated that salivary levels
of TNF-o and IL-32a are significantly
elevated in individuals with chronic
periodontitis and progressively increase
with disease severity. TNF-a showed strong
and consistent correlations with clinical
periodontal parameters, highlighting its
potential as a non-invasive biomarker for
diagnosing and monitoring periodontal
disease. IL-320, while showing moderate
diagnostic performance, was positively
associated with TNF-a and clinical
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indicators, suggesting a contributory role in
periodontal inflammation.

These findings show the potential role of
saliva as a diagnostic fluid and the use of
inflammatory cytokines, particularly TNF-
o, in assessing periodontal disease status.
The integration of salivary biomarkers into
periodontal evaluation might improve early
detection, however further longitudinal and
mechanistic studies are warranted to
explore the dynamic behavior of these
cytokines during disease progression and
therapy. Incorporating larger, more diverse
populations and combining multiple
biomarkers may enhance diagnostic
precision and  contribute to  the
advancement of personalized periodontal
care.

Recommendations for Future Studies
Future research should consider larger and
more diverse populations to enhance the
generalizability of  the findings.
Longitudinal studies are recommended to
better understand the dynamic changes of
IL-320 and TNF-a levels throughout the
progression and treatment of periodontitis.
Additionally, future studies could explore
the relationship between these salivary
biomarkers and other systemic
inflammatory markers to investigate
possible links between periodontitis and
systemic diseases. Using more sensitive
techniques or combining saliva analysis
with gingival crevicular fluid assessment
might improve biomarker accuracy.
Finally, experimental studies could
examine the role of IL-32a in periodontal
tissue destruction to identify potential
therapeutic targets.
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